Sammulfar (arsenic trioxide) is a notorious poison and has extensively been studied for its toxicity. It is in use for various purposes for centuries and is used even today as a therapeutic agent in the form of kushta (calx) in traditional systems of medicine, particularly Unani medicine, but without apparent safety data. The present study, therefore, was conducted to produce data for prolong use of calx of arsenic trioxide. The calx (test drug) was prepared by the method described in National Formulary of Unani Medicine. The study was carried in healthy Wistar rats of either sex; weighing 150-250 g; 2-3 months of age, in a dose dependent manner, following the methods of Gupta et al. (2002) , Ghosh (2008) and Klaassan (2008). The animals were divided into four groups of 10 animals each. Group I served as control, where as group II, III and IV were used for three dose levels of the test drug i.e. low (8.75 mg -1 kg), medium (17.50 mg -1 kg) and higher (26.25 mg -1 kg). Standard parameters usually applied for chronic toxicity studies were considered. The study revealed dose dependent toxicity. Usual signs of chronic toxicity were observed during the study. Low dose of Kushta Sammulfar (KSF) did not produce remarkable toxic effects. Mild to moderate toxicity was seen in KSF-II and KSF-III.
Introduction
Though the traditional systems of medicine prefer plant origin drugs, but some metals and minerals are also used as drugs in certain cases, that may produce moderate to severe toxicity even at therapeutic dose level if used unjudiously. Therefore, because of likelihood of toxicity and pharmacokinetic inconvenience such drugs are detoxified by various means. Taklees (calcination) practiced in Unani medicine is one of the detoxification methods in which metals and minerals are incinerated at high temperature 1 so as to reduce the elements of toxicity. In Unani medicine, the incinerated substance, which changes into oxide form, is known as Kushta, a Persian word, meaning killed 2 and refers to a substance that has been killed (incinerated) at high temperature (usually >500°C). In this method, fire of cow dung cakes is used as the source of heat. Kushta is a well-established dosage form of Unani medicine and is supposed to be very effective in view of its small particle size facilitating rapid absorption and quick action compared with other dosage forms, which are coarsely powdered and slowly absorbed. 3 But, there seems lack of scientific data on the methods of preparation, standardization and toxicity of kushta.
In Unani medicine, toxicity studies are not being conducted in a well organized manner as is carried out in modern medicine, rather toxicity of a drug is denoted merely under the heading of Mazarrat (toxic effects) observed after giving a certain dose level directly on human being, which does always not give precise results and leaves behind a lot of variations in the dose of toxic drugs.
Apart from its use in varied fields, Arsenic trioxide is also used as therapeutic agent for centuries 4 and is still in use in Unani medicine. 3, 5 Crude arsenic has extensively been studied for its toxicity, [6] [7] [8] but very few scientific reports are available on its kushta form. In view of absence of sufficient data on chronic toxicity of Kushta Sammulfar (KSF) and being a new dosage form, we selected it for chronic toxicity study using standard parameters prescribed for chronic toxicity of drugs. The data were analyzed by appropriate statistical tests to observe any significant variation (P<0.05) in different groups to see the relative toxicity.
The research protocol was approved by Institutional Animals Ethics Committee (IAEC) of National Institute of Unani Medicine (NIUM), Bangalore, India (vide Reg. 953/C/06/CPCSEA), April 2011. A voucher specimen was submitted to the department of Ilmul Advia (Pharmacology), NIUM.
Materials and Methods

Materials
Arsenic trioxide (As 2 O 3 ) was procured from Nice Pvt. Ltd., Kerala, India. Alum was purchased from local market of Bangalore.
Preparation of the test drug
KSF was prepared following the method described in National Formulary of Unani medicine. 5 In the calcination process, Boota and Gile-Hikmat are assumed essential. Boota is a heatproof clay bowl in which drug, which is to be calcined, is kept and the bowl is then covered with another bowl of similar dimension. Gil-e-Hikmat is the process of application of specific semi solid material made of moist clay and dry cotton wool pounded together till they are mixed well and applied around the bowl especially at the junction of the edges of the two bowls to make the material airtight. Arsenic trioxide and alum were taken in the ratio of 1:2 and put in the Boota. A 2×2×2 cu feet pit was dug and the Boota was placed inside the heap of 2.5 kg of cow dung cakes placed in the pit. Over it, 2.5 kg of cow dung cakes were again placed so that the Boota would remain in the middle. The cakes were then ignited. The Boota was taken out of the pit after all the cakes were ignited and the fire cooled down and opened cautiously so as to separate the Kushta easily. The Kushta was pounded manually, weighed and preserved in sterilized glass tubes with airtight lids.
Dose of the test drug
The effective dose (ED 50 ) of KSF in humans has been described in Unani literature as 10-15 mg. 5 The dose for Wistar rats was calculated by the conversion factor of 7 and was found to be 1.75 mg -1 kg. 9 
Experimental animals
Forty healthy Wistar rats of either sex; weighing 150-250 g; 2-3 months of age were used. The animals were divided into four groups of ten animals each. 10 The animals were kept under standard laboratory conditions. They were housed in polypropylene cages at 23-30°C and kept on 12 h light and dark cycle and had free access to feed and water. 
Experimental design
The study was carried out according to the methods of Gupta et al., 11 Ghosh 12 and Klaassan. 10 Three dose levels of test drug were given to three groups of rats. First group received five times ED 50 , second group 10 times ED 50 and the third group 15 times ED 50 , for three months. Fourth group which served as control received normal saline (NS). After three months, blood was collected for studying hematological parameters viz. hemoglobin estimation, red blood cells (RBC) count, total lymphocyte count (TLC), differential lymphocyte count (DLC), biochemical parameters viz. estimation of blood glucose, serum glutamic oxaloacetic transaminase (SGOT), serum glutamic pyruvate transaminase (SGPT) and serum creatinine. Liver and kidney were preserved for histopathology. 11 Parameters for observing signs of toxicity such as change in body weight, skin color, motor activities, food intake, weight of vital organs like liver and kidney and gross changes in them were considered. 10, 12 The test drug was given orally in the suspension of 5% gum acacia once in a day, in the morning. The groups and treatment regimen used are: -Group I (plain control): treated with NS as vehicle in the dose of 5 mL/kg; 
General observations
Body weight of the animals was taken every 14 days. 12 Food intake was measured, periodically by giving known amount of diet to the animals, daily. Early in the morning, the feed was reweighed and the amount consumed was calculated by difference.
14 General behavior, skin color, skin pigmentation, body hair loss, palpable mass, motility, tremor and convulsions 15 were observed every 14 days. 10 
Hematology, biochemistry and histopathology
At the end of the experiment, all animals were killed after 12 h fasting by over dosing of thiopental sodium. Blood was collected at the end of the experiment through heart puncture for hematology and biochemistry. Liver and kidney were weighed, examined grossly and microscopically.
Hematology
Hemoglobin was estimated by Sahli's method. RBC and white blood cells were counted by Improved Neubauer Haemocytometer. DLC was done by the method described by Chatterjee. 16 
Biochemistry
Various biochemical tests 10 were done by auto analyzer (Star 21 Plus). Blood sugar was estimated by GOD-POD, end point method. SGOT was estimated by UV Kinetic (IFCC) method. SGPT was estimated by UV Kinetic (IFCC) method. Blood urea was estimated by Urease/ GLDH method. Serum creatinine was estimated by Picrate method.
Histopathology
Liver and kidney were preserved into 10% formalin buffer overnight, dehydrated and finally embedded in paraffin through histokinet processing. Sections of 5-µm thickness were cut, stained with routine hematoxylin and eosin. 17, 18 Histopathological changes were seen under a binocular microscope.
Analysis of data
The data were expressed as mean±SEM and the values for the test and control groups were compared by using one-way analysis of variance (ANOVA) followed by different multiple comparison tests. The significance level was considered (P<0.05).
Results
General observation
The animals of all groups showed slight weight gain throughout the experiment, which was not significant statistically. Food intake was found significantly increased in KSF-I (P<0.05) and KSF-II (P<0.01). Before weighing the organs, gross examination did not show any changes in any group. The effect on kidney and liver weight was also found non significant statistically. Relative liver weight in control, KSF-I, KSF-II and KSF-III was found to be 3.4±0.085, 3.7±0.086, 3.6±0.079, respectively. Relative kidney weight (RKW) in control, KSF-I, KSF-II and KSF-III, was found to be 0.54±0.014, 0.46±0.012, 0.42±0.017, 0.48±0.019%, respectively. The RKW was found significantly decreased in KSF-II (P<0.01). The low and moderate doses of KSF produced mild to moderate diarrhea, whereas the higher dose produced severe diarrhea. All animals were ultimately recovered from diarrhea after 42 days of the experiment. Body hair loss was seen in the neck region in all the test groups from third observation of the experiment except KSF-I. The hair loss gradually increased throughout the experiment. In KSF-II mild hair loss was observed in 2 out of 10 animals. In KSF-III severe hair loss was seen in 5 out of 10 animals. Motility of animals of test groups was found increased throughout the experiment as compared to control group.
Hematology
Significant increase in TLC was found in KSF-II (P<0.05) as compared to control group. The hemoglobin level increased significantly in KSF-II (P<0.001) as compared to control group (Table  1) . significantly increased in KSF-I (P<0.001), KSF-III (P<0.001), as compared to control group. Detailed results are shown in Table 2 .
Biochemistry
Histopathology
Histopathology of liver of control group showed normal structure ( Figure 1 ). No evidence of hepatitis was observed in the KSF-I (Figure 2 ), however, mild congestion was observed in central vein, hepatic vein and portal triad. Few hepatocytes were swelled up slightly. Few inflammatory cells were seen in portal triad area. Mild to moderate congestion was observed in central vein, hepatic vein and portal triad, in KSF-II and KSF-III. Capsule in KSF-II was found normal but thickened in KSF-III (Figures 3 and 4) .
Normal capsule and normal glomeruli were observed in KSF-I. The tubules were lined by intact lining epithelial cells. Mild vascular congestion was observed. Mild interstitial edema and occasional inflammatory cells were seen in interstitial spaces. In the KSF-II studies showed normal capsule and normal glomeruli. The tubules were damaged occasionally. Moderate vascular congestion, mild interstitial edema and occasional inflammatory cells were seen in interstitial spaces of kidney. In the KSF-III section showed normal capsule, while moderate degree of glomerular congestion was seen. Mild to moderate tubular damage was observed. Severe degree of vascular congestion, mild interstitial edema and occasional inflammatory cells were seen in interstitial spaces ( Figures 5-8 ).
Discussion
No data are available on chronic toxicity of kushta Sammulfar to compare our findings; hence results of earlier studies carried out on crude arsenic may differ from our findings, even though we have tried to compare our findings with the studies carried out on crude arsenic as in calx too there remain some elemental parts. In a study on chronic toxicity of crude arsenic carried out in rats at dose 1.7 mg/kg (12 h) for 90 days, no change in the body and organ weight was recorded. 19 In our study, too, no significant changes were observed. But increase in relative weight of liver of KSF-I suggested hypertrophy of the hepatic cells probably because liver tends to accumulate arsenic with repeated exposures over periods of months or years as shown by some studies. Some studies also revealed that arsenic causes hepatomegaly in 77% of patients after chronic exposure. 4 Chen et al. (2004) studied the effects of arsenic in mice liver and concluded that chronic oral inorganic arsenic exposure caused cellular hypertrophy and steatosis. 20 Similarity between the findings of our study and previous studies, is suggestive of some degree of toxicity over prolong use of arsenic irrespective of its form. Significant reduction in RKW in KSF-II (P<0.05) indicated mild renal atrophy, which may be due to injurious effect of the test drug as inorganic arsenic accumulates in the kidney after repeated exposure and it is a major route for the excretion of arsenic. 21 Presence of elemental arsenic in kushta may have caused this atrophy. The average daily food intake significantly increased in KSF-I (P<0.05) and KSF-II (P<0.01) in the beginning of the experiment, which may be due to hyperglycemia, observed in our study. Arsenic is more likely than other heavy metals to produce a dramatic gastro enteric picture after ingestion. In acute arsenic poisoning, bloody rice water diarrhea is often observed. 22, 23 Acute high exposure as well as longer term lower dose exposures of arsenic can produce diarrhea. [24] [25] [26] Though, diarrhea was observed in our study in all the test groupsbut no bloody diarrhea at any dose level in any group was observed. This may be suggestive of mild to moderate gastroenteritis produced by calx form, which is less harmful than crude arsenic. Skin is a major target organ of arsenic toxicity. Many skin lesions such as hyper pigmentation, hypo pigmentation, hyperkeratosis and parakeratosis are usually seen in humans after chronic exposure to arsenic. 27, 28 Interestingly, the hallmark dermal lesions associated with human oral exposures to arsenic have not been found to occur in experimental animals. We too did not find dermal lesions in the animals in our study. Body hair loss after ingestion of arsenic is an indicator of toxicity. Hair loss was seen in the neck region in all groups except KSF-I from the third observation, which was gradually increased throughout the study. Excessive hair loss was seen in KSF-III. Some studies suggested that even small dose of arsenic for prolong use can cause hair loss. 24, 29 Our findings suggested that arsenic can cause hair loss in any form, if used for long. In our study, motility was increased in all the test groups which validate the claim of Unani medicine that Kushta Sammulfar possesses Muharrik-e-Asab (nerve stimulant effect), 30, 31 however this claim is not supported by any scientific report.
Hematology is also good parameter for the assessment of toxicity. In our study, RBC count slightly increased in KSF-II and KSF-III. It may be due to Muqauwi-e-Dam (hemopoietic) effect of Kushta Sammulfar. 32 Hemoglobin level increased slightly in KSF-I, and III and markedly in KSF-II (P<0.001), which may be due to increase in RBC count. However, studies have shown to produces anemia after chronic exposure of arsenic, 20, 23, 29 but it may be because of kushta form of arsenic which contains less amount of elemental arsenic not causing massive destruction of RBCs. Our findings are in consonance with the reports of Unani physicians. 32 TLC count slightly decreased in KSF-I, while remarkably increased in KSF-II (P<0.01) as compared to control group found that the TLC count decreased when mice were given higher dose of arsenic. It may be due to apoptotic effect of arsenic on plasma cells. 33 In DLC, polymorph count was slightly decreased in KSF-I, II, III. Granulocytopenia is a common effect of arsenic poisoning and is reported as resultant of acute, intermediate and chronic oral exposures. This effect might be due to cytotoxic effect of arsenic on the polymorph cells. 20 The lymphocyte count was slightly increased in all the test groups as compared to control. This effect might be due to counteract poisonous effect of Kushta Sammulfar. Several studies related to animals as well as humans have shown that long term arsenic exposure can cause diabetes mellitus. 4, 23, [33] [34] [35] [36] In our study, blood sugar level increased significantly (P<0.001) in all test groups except KSF-I. Hyperglycemias may be due to islet cells toxicity because arsenic administration is reported to cause severe damage of islet cells. 33 In male Wistar rats, exposed to 1.7 ppm of arsenite orally for 90 days, the pancreas pathology included the absence of insulin immunolabel in the Beta cells and a discontinuous peripheral pattern of glucagon. 35 A study indicated that sub chronic exposure to As 2 O 3 induces oxidative stress and oxidative damage in pancreas. 36 Our findings are similar to previous studies.
Article
Arsenic is known to produce disturbance in liver function; therefore, SGOT and SGPT may be reliable determinants of liver parenchymal injury. Increase in plasma SGOT and SGPT may be mainly due to the leakage of these enzymes from the liver cytosol into the blood stream. 36 In our study, SGOT increased significantly in KSF-III (P<0.01), SGPT was also increased significantly in KSF-III (P<0.05). These findings reveal that Kushta Sammulfar also causes hepatotoxicity, if used for long. In low dose of KSF, SGOT and SGPT did not increase indicating that kushta is not injurious for liver in low dose. However, further follow up is suggested for 120 days or more to rule out the chronic use of these arsenic formulations and effect on various organs evaluated using analytical techniques for estimation of free arsenic and arsenic trioxide.
Since, arsenic and its various preparations are reported to cause renal damage; 19, 37 therefore, renal function test may be a good pointer of arsenic poisoning. Production of oxygen free radicals by arsenic induces tubular necrosis, which in turn increases tubular permeability resulting in diffusion and back leak of the filtrate across the tubular basement membrane back into the interstitium and circulation leading to an apparent decrease in glomerular filtration rate. Under these circumstances, back leak of filtrate results in decreased excretion and increased retention of nitrogenous waste i.e. urea in serum. 37 In our study, blood urea was significantly increased in KSF-II (P<0.05), III (P<0.05). It may be calculated that Kushta Sammulfar in moderate to high dose is toxic to the kidney. Serum creatinine was found significantly increased in KSF-I (P<0.001), KSF-III (P<0.001), showing almost all dose level toxic to the kidney.
Histopathological study of liver clearly demonstrated that the KSF produced toxicity to the liver as chronic hepatitis. These features were dose dependent as in low dose of KSF caused mild congestion in central vein, hepatic vein and portal triad, which may be due to prolonged use, no liver hyperplasia, adenomas, or cancer lesions were found. Similarly, the histopathological study of kidney demonstrated that the KSF produced toxicity to the renal tissues and produced the features of chronic nephritis with graded doses. Several clinical studies have suggested that arsenic causes severe hepatic and renal damage even prolong use can cause cancer of those organs. 38 In the 1980s, several studies reported on the carcinogenicity of inorganic arsenic, in hamster after intratracheal instillation, 39 in rats' urinary bladder. 40 Some studies have suggested that an animal model is still needed for completely proving and understanding the carcinogenic effect of arsenic. However, there have been several positive reports on the carcinogenicity of arsenic in animal models. 39 The mild to moderate toxic effects of calx form of arsenic may be due to presence of elemental arsenic in oxide form as in our previous study we found 6.388±0.711 ppm elemental arsenic in KSF estimated by atomic absorption spectrophotometery.
41
Conclusions
KSF produced dose dependent toxicity. KSF-1, i.e. low dose of KSF did not produce remarkable toxic effects. Mild to moderate toxicity was observed in KSF-II and KSF-III. Though, liver and kidney tissues were not markedly damaged, but in view of risk benefit ratio (more risk than benefit) and low safety margin, use of KSF particularly prolong use in human should be warned as self medication must be avoided, as it was found moderately toxic in rats. The study also validated the claim of Unani physicians regarding the use of KSF in low dose and a gap of certain period for the next use. The process of refining crude oil consumes large amounts of water. Consequently, significant volumes of wastewater are generated. 3 Coelho et al. 3 reported that the volume of refinery effluent generated during processing is 0.4-1.6 times the amount of the crude oil processed. Thus, based on the current yield of 84 million barrels per day (mbpd) of crude oil, a total of 33.6 mbpd of effluent is generated globally. 4 Mobile genetic elements (MGEs) that encode catabolic genes are considered to play a major role in the adaptation of microbial populations to xenobiotic organic compounds, through either by spreading the genes in a community and thereby increasing the diversity of organisms able to metabolise these compounds, or by rearranging and combining pre-existing genes or gene fragments from different microorganisms to constitute a new pathway dealing with a new compound. Such catabolic mobile elements include plasmids, transposable elements and elements using phage-like integrases. 5, 6 Effluents from the oil industry will continually be produced and discharged into the world's main water bodies. However, these pollutants pose serious toxic hazards to the environment. Petroleum refinery effluent can vary greatly depending on the type of oil being processed, the plant configuration, and operation procedures 7 . They enter into waterways and have negatives impact on the aquatic and terrestrial eco-systems.
Bioremediation has long been applied as a treatment technology that is cost-effective, ecologically friendly and efficient for the decontamination of hydrocarbon polluted soils. [8] [9] [10] [11] [12] [13] [14] [15] There is a need for the survival of inoculum and to remain physiologically stable for a very long time in a pollutant, the inoculation of strains with MGEs that encode the relevant genetic information and their subsequent genetic horizontal transfer to one or various well established and competitive indigenous bacterial populations of an ecosystem is an alternative strategy. In this case, the survival of the introduced donor strain is no longer needed once the catabolic genes are transferred and expressed in the indigenous bacteria within the ecosystem. 16 The immense potential of such microorganisms to degrade petroleum hydrocarbon does not depend solely upon the wealth of catabolic enzymes that these organisms possess, but also upon their capacity for adaptive change. 17 The present work identified mixed culture of crude oil degrading Burkholderia cepacia and Corynebacterium sp isolated from refinery oil sludge and their ability to transfer plasmid to the indigenous bacteria in the ecosystem for the preparation of bacterial blend that could be used in bioremediation of refinery waste water.
Materials and Methods
Collection of the wastewater amples
The wastewater samples from different concrete wastewater reservoirs in Kaduna Refinery & Petrochemical Company (KRPC; Kaduna, Nigeria) were collected into four litres plastic bottles and stored in an ice block cooler and transferred to the laboratory immediately for analysis. 18, 19 All the collected samples were preserved in accordance with guidelines and International Standards. The samples collected were analysed for pH, biological oxygen demand (BOD 5 ), chemical oxygen demand (COD), total dissolved solids, phenol, oil and grease, sulphide and some selected heavy metals. All other quality assurance and quality control procedure relevant to samples collection, custody and analyses were strictly adhered to for the determination of physicochemical parameters.
20-23
Immobilization of cells solution containing 3% bacteriological agar was dissolve in 0.9% sodium chloride (100 mL) in a 250 mL Erlenmeyer flask, sterilized and cooled to 40-45°C. The inoculi with optical density (OD) 600nm =1.0 which correspond to 10 9 cfu/mL was added to the prepared molten agaragar maintained at 40°C, shaken well for few seconds (without forming foam), poured into sterile flat bottom 4-inch-diameter petriplates, solidification occurred after 10 min. The solidified agar block was cut into equal size cubes, then added to sterile 0.1 M phosphate buffer (pH 7.0), and kept in the refrigerator (1 h) for curing. Phosphate buffer was decanted and the cubes were washed with sterile distilled water 3 to 4 times before used. 24 Bioremediation using immobilized mixed culture
Initial physicochemical characterization of the refinery wastewater was done.
Two litres of the refinery wastewater supplemented with minimum basal medium in g/L [NaCl (0.8); MgSO 4 .7H 2 O (0.001); KH 2 P0 4 (2); NaN0 3 (2); CaCl 2 .2H 2 0 (0.5); NaHP0 4 .12H 2 0 (2)] was sterilized in an autoclave at 121°C for 15 min. One litre of the sterilized wastewater was dispensed into 5 L bioreactor fitted with air sparger aseptically. Thirty grams each of the immobilized bacterial cells was added. 25 Physicochemical parameters were determined in triplicate at every five days intervals to monitor the progress of bioremediation for 20 days.
Preparation of crude oil degrading transconjugant culture
Method of Bathe and Hausner (2010) 26 was modified and used for the preparation of crude oil degrading transconjugants. This was done to transfer catabolic plasmid from oil degrading host strains to a mixture of non-oil degrading indigenous strains in the oil sludge. Overnight donor cell of mixed culture of Burkholderia cepacia and Corynebacterium sp grown in Luria-Bertani (LB) medium supplemented with 1% crude oil. Also ten grams of oil sludge was added to 90 mL of Bushnell-Haas (BH) medium and incubated for 48 h to obtain oil sludge suspension. Two mL of donor strains was mixed with 2 mL of pre-grown suspension of oil sludge. Drop of 1 mL of this mixture was plated on LB agar plates and incubated at 37°C for 24 h for the conjugation to occur.
The mating spot was scrapped of the agar surface and resuspended the cells in 1 mL of phosphate buffered saline (PBS), centrifuged and discarded the supernatant. The pellet mixtures were spread on oil agar plates (BH medium supplemented with 2% crude oil) to select transconjugants.
Prior to mixing of donor and recipient indigenous suspension was unable to grow in oil agar. Transconjugant was selected, purified in PBS and later used for bioremediation process. The colonies on the oil agar were removed and transferred into 1 mL of PBS, vortex vigorously, centrifuged for 10 min at 5000 rpm. Pellet was re-suspended again in PBS. The cell pellet was washed twice and resuspended with BH medium until OD 600 was equivalent to 1.0.
Screening of transconjugant bioremediation capabilities
Ten grams of wood chips was added to five litres bioreactor fitted with air sparger to serve as biofilm carrier material. One litre of refinery wastewater supplemented with minimum basal medium was transferred to bioreactor. The 10% of cells of crude oil degrading transconjugant with OD 600nm =1.0 which correspond to 10 9 cfu/mL was added to the bioreactor control sample contained only the sludge inoculums without culture. Set up was left for 10 days. The following parameter was used for assessment, e.g. COD, oil and grease, phenol, % oil loss and sulphide.
Plasmid profiling and agar gel electrophoresis
Plasmid extraction was carried out using the method described by Ojo and Oso (2009) 27 with slight modification. Pure isolates were inoculated on tars broth and incubated. The grown cells were harvested and suspended in 200 µL of solution A [100 mm glucose-50 mm tris hydrochloride (pH 8)-10 mm ethylenediaminetetraacetic acid (EDTA)] containing 10 mg tanolysin and incubated for 30 min at 37°C in a dodecyl sulphate in 0.2 µL NaOH was added and the samples were mixed by inverting tubes. Three hundred uL of a 30% potassium acetate solution (pH 4.8) was added and the samples were mixed by vortexing. The supernatant was removed and extracted once with a phenol -chloroform mixture (1:1) and precipitated with an equal volume of isopropanol. The plasmid DNA was then dissolved in 100 µL of tris-EDTA buffer. Electrophoresis of the DNA was carried out on a 0.8% agarose gel in a 0.5×concentration of tris-borate-EDTA buffer. After boiling, the solution was allowed to cool 10 µL of ethidium bromide was added to the cooled agarose solution. This was poured into a casting tray with a comb placed across its rim to form wells. The gel was allowed to set for 30 min and the comb was removed. Twenty µL of the plasmid DNA samples were then loaded into the wells after mixing with 2 µL of bromophenol blue. A DNA molecular weight marker was also loaded into one of the well. The gels were thereafter electropholesed in a horizontal tank at a constant voltage of 60v for about 1 h and 30 min. After electrophoresis, plasmid DNA bands were viewed by fluorescence of bound ethidium bromide under a short wave ultraviolet light transilluminator and the photograph were taken using a digital camera.
Curing of plasmid
Curing of plasmid was done to identify the catabolic plasmid encoded in the isolated bacteria. The modified methods 28, 29 were used. A stock solution of 10% sodium dodecyl sulfate (SDS) was prepared by the addition of 10 g SDS to 100 mL of nutrient broth. The pH was adjusted to 7.8-8.0. The mixture was steamed for 1 h and kept aside as stock. The overnight cultures of selected isolates in LB were diluted 100-fold and 0.5 mL volume of each of the isolates was transferred aseptically into fresh 30 mL volume of nutrient broth. The cultures were incubated with shaking for 3 h and SDS stock solution was added to give the required final concentration 1% (w/v). The cultures were incubated at room temperature with mild agitation for 72 h. The cells were then tested for crude oil degradation: after transferring 0.5 mL sample of each of the isolates into nutrient broth supplemented with crude oil 2% (w/v), the plasmid content was determined by carrying out the plasmid isolation procedure described above.
Results and Discussion
The result of both raw and treated kaduna refinery wastewater using immobilised mixed culture of Burkholderia cepacia and Corynebacterium sp. are presented in Table 1 while the result of treated wastewater using transconjugants are shown in Table 2 (Pb  2+ ) was completely biosorptioned, while nitrate and sulphate were significantly reduced. BOD 5 test was found to reduce to (14 mg/mL). Both BOD and COD are useful parameters in determining the relative waste loading and higher degree therefore indices the presence of large amount of organic pollutant and relatively higher level of microbial activities with consequent depletion of oxygen content. blooms. 31 The results obtained in the plasmid profiling in Figure 1 showed that both isolates contained plasmid. Plasmids that encode enzymes involved in the transformation of environmental pollutants are known as catabolic plasmids. 32 The incidence of such plasmids in oil degrading bacteria had been reported by many researchers, 33 reported that the catabolic gene which encode degradation routes of different aromatic and aliphatic hydrocarbons are frequently located on plasmids, although degradative genes can be located on either chromosome or plasmid. 34 Whyte and colleagues 35 extracted plasmids from Burkholderia and Corynebacterium strains isolated from oilsludge conferred ability to degrade crude oil in order to confirm whether the observed biodegradation potential in the isolates was plasmid or chromosomal mediated, the cured colony was unable to grow on Bushnell-Haas medium agar with crude oil as sole carbon source, therefore, the total loss of biodegradation ability after plasmid curing shows the involvement of plasmid in catabolic activity of hydrocarbon biodegradation, this indicates that the gene(s) responsible for crude oil degradation might have been cured, thus not allowing the colony to grow in oil agar. 36 Catabolic pathways, which encoded different aromatic hydrocarbon degradation routes, are frequently located on plasmids, although genes involved in degradation can be located on either chromosomal DNA or plasmid. 37 Our findings show that the capacity to mineralize crude oil by Burkholderia and Corynebacterium species are plasmid-encoded. Agarose gel electrophoretic separation profiles (Figure 1 ) of plasmidic DNA isolated from non-cured cultures showed that Burkholderia and Corynebacterium species harboured single plasmids with high molecular weight. To determine the plasmid harbouring the catabolic genes involved in crude oil degradation, electrophoretic profiles of plasmids isolated from the cured strains were compared with those of the non-cured one. The findings showed that the introduction of the transmissible catabolic plasmid into the indigenous bacteria strains in the oil sludge increase their catabolic ability. Result shown in table 2 with 96% of oil degradation ( Table 2 ). The transconjugants showed multiplicative effect on the bioremediation process by reducing the biokinetic parameters in ten days while twenty days in immobilised cells.
There a lot of investigations on the effect of inoculation and subsequent transfer of catabolic genes on in situ biodegradation in soils and bioreactors as demonstrated in the present study, such as: Di Giovanni et al. 38 demonstrated transfer of the IncP-1L plasmid pJP4 from Ralstonia eutropha JMP134 to indigenous soil bacteria when high concentrations of 2,4-D were added to the soil. Top and colleagues 39, 6 studied the effect of conjugative transfer of a few different 2,4-D degradative plasmids on 2,4-D degradation in soil; while Mancini et al. 40 examined plasmid transfer in an activated sludge unit and found the highest numbers of transconjugants on the bottom of the primary clarifier and in the return-activated sludge from the secondary clarifier, where cell densities are the highest.
Article
Diya'uddeen et al. 30 reported that the minimum amount of dissolved oxygen necessary for normal life in an aquatic environment is about 2 mg/L, 41 and the discharge of high organic matter containing waste waters into water bodies results in the excess consumption of oxygen by the bacteria. This is oxidation of the effluent, thus depleting oxygen from the water faster than it dissolves back into the water from the air. 41 In addition, oxygen availability is important because the end products of chemical and biochemical reactions in anaerobic systems often produce aesthetically displeasing colours, tastes and odours in water. 8 Phenol is one of the major pollutants found in refinery effluents. It was found in large concentrations in both the raw wastewater. The major sources of phenol in the petroleum refinery wastewater are the thermal and catalytic cracking processes. The observed value for phenol in raw wastewater was 68.13 mg/L while both cells were able to reduce it significantly to (0.32 and 1.06 mg/L) in both cells. Its content in the treated sample was significantly higher than in transconjugant treated cells 0.5 mg/L 19 or 0.1 mg/L 18 recommended for refinery effluents.
Phenols are very toxic to fish and other aquatic organisms and has the unique property of tainting fish if present in water at concentration between 0.1 to 1 mg/L. 42, 43 The toxic concentration for fishes may range from <0.1 to >100 mg/L, depending on the chemical nature of the phenol, the fish species and the developmental stage, with embryo-larval stage being many times more susceptible than adults. 44 Oil and grease and total petroleum hydrocarbon were found to be (43.20±2.67) to (2.53±0.94) mg/L and (4.12±0.56) to (0.88±0.12) mg/L in both raw wastewater and treated wastewater respectively after 20 days. Petroleum hydrocarbons have been observed to be toxic to aquatic life. Pollino and Holdway 45 observed that a water accommodated fraction of crude oil or dispersed crude oil water accommodated fraction increased the activity of gill citrate synthase at a concentration of 14.5 mg/L. Lipophilic hydrocarbons have been observed to accumulate in the membrane lipid bilayers of microorganisms and interfere with their structural and functional properties. 46 Grant and Briggs 47 concluded that when oil containing hydrocarbons are discharged into water body can cause depletion of dissolved oxygen due to transformation of organic components into inorganic compounds, loss of that is important in food chain and eutrophication also has short term toxicity in fishes which includes: lymphocytosis, epidermal hyperplasia, hemorrhagic septicaemia. 2, 30, 48 At the end of 20 days treatment the isolates were able to reduce the physicochemical parameters of refinery waste water, therefore, mixed culture used in this research work confirmed microbial consortia as better degraders as reported by several authors, [49] [50] [51] [52] [53] therefore, this microbial blend can be adopted in refinery for the treatment of their wastewater before being discharge into waterways.
